Introduction
Functional endoscopic sinus surgery (FESS) is a minimally invasive technique used to restore nasal cavity ventilation and sinus function (1) . Bleeding is an important challenge for clinicians to overcome in FESS. Due to the enriched blood vessels in the nasal cavity and hemostasis difficulty, bleeding not only hinders the surgical field of FESS, but also prolongs the duration of surgery time and increases the risk of complications (2) .
Various methods are used to reduce bleeding during FESS surgery, but controlled hypotension remains an important factor (3). In the past, vasoactive drugs were used for the control of blood pressure; however, these agents are prone to causing hemodynamic instability and, in severe cases, even organ ischemia leading to significant organ dysfunction (4) . Currently, anesthesia techniques and drugs are more commonly used for controlling blood pressure and heart rate (HR), in order to reduce FESS bleeding (5) . Previous studies have reported that the use of propofol and remifentanil for total intravenous anesthesia has a notable advantage in reducing bleeding compared with inhalation anesthesia (6) (7) (8) , which has made propofol and remifentanil for total intravenous anesthesia the preferred method for FESS surgery anesthesia. However, there may still be room for improvement in reducing intraoperative bleeding and improving the surgical field. At present, there is little research in this area.
Dexmedetomidine is a highly selective α2 adrenoceptor agonist which inhibits activity of the sympathetic nervous system, reduces the release of catecholamines, lowers blood pressure and slows the HR (9 that dexmedetomidine, like remifentanil, is effective in controlling blood pressure and maintaining hemodynamic stability, so as to achieve the same surgical field as remifentanil (10, 11) . However, it is not yet known what the effects would be if these two drugs were used in combination. The primary objective of this prospective, randomized, controlled study was to evaluate the effect of dexmedetomidine combined with target-controlled infusion (TCI) of propofol and remifentanil on FESS bleeding and the surgical field.
Materials and methods
Patients and characteristics. The present study was approved by the Ethics Committee of Shenzhen People's Hospital (Shenzhen, China). Written informed consent was obtained from all participants. A total of 62 patients undergoing elective FESS surgery, American Society of Anesthesiologists (ASA) class I-II, aged 19-53 years old, participated in the present study between September 2013 and January 2016. Exclusion criteria were as follows: body mass index ≥25, HR <50 times per min, heart block, hypertension, coronary heart disease, diabetes, history of asthma, chronic obstructive emphysema, treatments with antibiotics or anticoagulants, coagulation abnormalities, failure of cooperation because of mental disorders, and use of sedative and analgesic drugs within 48 h before surgery. An anesthesiologist, who participated in the design of the grouping but not in anesthesia and data collection, assigned dexmedetomidine. A different anesthesiologist performed clinical anesthesia and data collection. Surgeons and patients were blinded to the groupings.
Patient grouping. Patients were randomly divided into an experimental group and a control group with 31 cases in each group. In the experimental group, the procedure was as following: Before the induction of anesthesia, infusion of 0.5 µg kg -1 dexmedetomidine was performed within 15 min, followed by 0.5 µg kg -1 h -1 dexmedetomidine via intravenous pump continuous injection until the end of the surgery. The control group were administered with an intravenous pump injection normal saline equivalent to the volume of dexmedetomidine administered in the experimental group. All patients entered the operating room without pre-medication and having fasted for [8] [9] [10] [11] [12] h. An anesthesia monitor was used (Compact Anesthesia Monitor; GE Healthcare, Chicago, IL, USA) and routine electrocardiogram monitoring was carried out. Saturation of peripheral oxygen (SpO 2 ) and end tidal carbon dioxide (PetCO 2 ) were monitored. Depth of anesthesia was measured using a bispectral index (BIS) system (BIS Vista Monitoring System, Aspect Medical Systems; Covidien, Dublin, Ireland). All patients were subjected to tracheal intubation and general anaesthesia with TCI of propofol and remifentanil to maintain the effect-site concentration. Oxygen ventilation of 5 l·min -1 , was administered 5 min before using commercial TCI system (Base Observational, Fresenius Kabi AG, Bad Homburg, Germany). TCI consisted of 4 µg ml -1 propofol (Schnider model) and 3 ng ml -1 remifentanil (Minto model) for anesthesia induction of (12) . Tracheal intubation was performed 120 sec after administration of intravenous injection of 0.2 mg kg -1 cisatracurium ammonium and mask-assisted ventilation following TCI (endotracheal tube diameter, 7.0 mm for females and 7.5 mm for males). Subsequently, endotracheal tube was connected with the anesthesia machine (Primus; Draeger Medical Ag & Co. KGaA, Luebeck, Germany) to control the breathing, and respiratory parameters were adjusted to the following: Tidal volume, 6-10 ml kg -1 ; respiratory rate, 12-16 times/min; inspiration/expiration ratio, 1:2; PetCO 2 maintained at 35-45 mmHg; and airway pressure maintained at 10-20 mmH 2 O. TCI of 2-8 µg ml -1 propofol and 2-6 ng ml -1 remifentanil was applied to maintain anesthesia. Through adjusting the dosage of the propofol and remifentanil, BIS value was maintained at 45-55 and mean arterial pressure (MAP) was maintained at 70-80 mmHg. Intravenous injection of 0.25 mg atropine was administered if HR was <50 times/min, which was considered as bradycardia.
Surgery. All patients were in the supine position for surgery. Prior to the start of surgery, four pieces of tampon, soaked in adrenaline and lidocaine mixture solution (0.1% epinephrine: 2% lidocaine, 1:1) were used to shrink the blood vessels in the nasal mucosa. All surgical procedures were performed by the same surgeon using standard procedures.
At the end of surgery, propofol and remifentanil were replaced with intravenous injection of 40 mg parecoxib sodium for postoperative analgesia. Patients were moved into Postanesthesia Care Unit (PACU), where another anesthesiologist, responsible for recovery from anesthesia, finished extubation after patients were awake. 1 µg kg -1 fentanyl was administered if visual analog scale (VAS) score was >5 in the PACU.
Intra-operative variables and recovery profiles for patients.
In the operating room, MAP and HR were recorded at baseline (T0), before anesthesia induction (T1), before tracheal intubation (T2), at the moment of tracheal intubation (T3), before the start of surgery (T4), 15 min after the start of surgery (T5), at the end of surgery (T6) and at the moment of extubation (T7).
The following parameters were recorded: Duration of surgery, duration of anesthesia (from anesthesia induction to anesthetic drug withdrawal), consumption of propofol and remifentanil, incidence of bradycardia and blood loss. Following completion of the surgery, surgeons evaluated the surgical field using the Numeric Rating Scale (NRS), from 0 (worst) to 10 (best) (10) . Extubation time (from anesthetic drug withdrawal to extubation and respiratory rate after extubation were recorded. The Observer's Assessment of Alertness/Sedation (OAA/S) scale (13) was used to assess sedation 5 min after extubation and pain severity was recorded using VAS (11) before the patient left the recovery room. The use of fentanyl was observed in recovery room. Hypoxemia after extubation (SpO 2 <90%) and postoperative nausea and vomiting (PONV) were also recorded.
Statistical analysis. Statistical analysis of the data was performed using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Data were presented as the mean ± standard deviation and analyzed with a Student's t-test while count data were presented as percentage (%) or median (interquartile range) and analyzed using the χ 2 test, respectively. MAP and HR were analyzed using one-way analysis of variance (ANAOVA) followed by Tukey's HSD post hoc test. Grade data, including NRS, OAA/S and VAS, were analyzed using the Mann Whitney-U test. P<0.05 was considered as the level of significant difference.
Results

Demographic characteristics of patients.
A total of 64 patients participated in the present study. Data from 62 patients were successfully collected and analyzed. The patients' characteristics did not differ between the two groups (Table I) .
MAP and HR measurement. MAP and HR of the experimental group at T3 and T7 was significantly lower compared with the control group (P<0.05; Fig. 1 ). There was no significant difference in MAP between the two groups at any other time point. There was no significant difference in HR between the two groups at T0 and T1; however, the HR of the experimental group was significantly lower compared with the control group at T2-T7 (P<0.05; Fig. 2 ).
Intraoperative variables of patients. Intraoperative observation results are shown in Table II . There was no significant difference between the two groups in terms of the surgical duration or anesthesia duration. In the experimental group, the mean infusion rates of propofol and remifentanil during surgery were 101.5±8.2 µg kg -1 min -1 and 6.1±0.2 µg kg -1 h -1 respectively, which was significantly lower than the control group, in which the infusion rates were 117.9±4.3 µg kg -1 min -1 (P=0.001) and 9.1±0.4 µg kg -1 h -1 (P=0.045), respectively. The incidence rate of bradycardia was higher in the experimental group compared with the control group (22.6 vs. 9.7%); however, this difference was not statistically significant. Blood loss in the experimental group was 195±52.5 ml, which was significantly lower than the control group (260.7±71.6 ml; P= 0.007). Surgeon satisfaction scores were significantly higher in the experimental group compared with the control group [median (interquartile range): 8 (7) vs. 7 (6); P<0.01].
Recovery outcomes. Postoperative recovery data of the patients were shown in Table III . There was no significant difference in extubation time between the experimental group and the control group (17.1±3.2 vs. 14.8±2.8 min; P>0.05). There was no significant difference in respiratory rate in PACU between the experimental group and the control group (14.9±1.8 vs. 15.4±1.9 beats min -1 ). The VAS score of the experimental group was significantly improved when compared with the control group [median (interquartile range): 2 (1) vs. 3 (2); P<0.01]. None of the patients were administered fentanyl for analgesic recovery. There was no significant difference in postoperative OAA/S sedation score between the two groups [median (interquartile range): 1 (1) vs. 1 (1)]. There was no significant difference in the incidence of PONV between the experimental group and control group (6.5 vs. 12.9%). There was no case of hypoxia in either group.
Discussion
The results of the present study suggested that target-controlled infusion of propofol and remifentanil combined with dexmedetomidine for FESS was able to reduce the intraoperative bleeding and improve the satisfaction score of the surgical field, compared with target-controlled infusion of propofol and remifentanil alone. Dexmedetomidine also reduced increases in MAP and HR during tracheal intubation and extubation, and reduced postoperative pain. Surgical bleeding is a critical issue in FESS since bleeding makes the anatomical structure difficult to identify, leading to serious complications and affecting the outcomes of surgery (5) . Numerous studies have indicated controlled hypotension with anesthetic or vasoactive drugs may reduce bleeding and improve the quality of FESS (11, (14) (15) (16) . However, vasoactive drugs cannot reduce the FESS bleeding when MAP was controlled at level of 65-75 mmHg (17); conversely, vascular dilation caused by the drug would increase surgical bleeding and has a negative impact on the surgical field (14) . Previous studies have demonstrated a significant correlation between the HR and surgical field bleeding during surgery (18) (19) (20) . Compared with nitroglycerin, esmolol reduces bleeding by slowing down HR and offering an improved surgical approach with only minimal reduction in MAP (18) . Therefore, FESS should be performed at a lower level of HR (20) as controlling HR is more effective on improving the surgical approach than lowering MAP. Compared with inhalation anesthesia, including isoflurane, sevoflurane, total intravenous anesthesia with propofol and remifentanil is able quickly and effectively to lower HR and MAP, reduce bleeding and provide an improved surgical approach (6) (7) (8) 21, 22) . The reason for this is that inhalation anesthetics dilate blood vessels and cause reflex tachycardia (23) . Although inhalation anesthetics can reduce MAP, the surgical approach was still not improved because of the increased HR and dilated nasal mucosal vessels during FESS (24) . Even if balanced anesthesia combined with esmolol controls the HR, the surgical approach is not ameliorated compared with total intravenous anesthesia (25) .
Dexmedetomidine is a highly selective α2 adrenoceptor agonist that inhibits norepinephrine release, thereby reducing HR and blood pressure (9) . This effect makes it similar to remifentanil (10,11) and esmolol (26) in reducing bleeding and improving the surgical approach. In the present study, total intravenous anesthesia with propofol and remifentanil combined with dexmedetomidine maintained HR at a lower level, reduced bleeding and improved surgical satisfaction scores. In addition, unlike anesthetic drugs which dilate blood vessels, dexmedetomidine constricts peripheral arteries and veins (27) . Although there is no clear clinical evidence that dexmedetomidine can contract blood vessels in the nasal mucosa, it is not ruled out that reducing bleeding may be associated with vasoconstriction. In order to reduce bleeding, clinical control of hypotension typically controls MAP below the normal range in clinical practice (3) . But hypotension reduces visceral blood flow, which causes important organ dysfunction, particularly in elderly patients and patients with organ damage (28) . A previous study indicated that it was not necessary to deliberately decrease the MAP to a dangerous level for reaching a clear surgical field (29) . In the present study, administration of dexmedetomidine provided good vision during the surgery although MAP was maintained at relatively high level (70-80 mmHg), which increased patient safety.
During surgical procedures, the dosage of anesthetic drugs, including propofol and remifentanil, was increased in order to control blood pressure (10) , which resulted in deep anesthesia, thereby affecting the long-term prognosis of patients (30) . As an anesthetic adjuvant, dexmedetomidine may reduce the dosage of opioids and propofol (31) . In the present study, compared with propofol and remifentanil alone, dexmedetomidine was able to significantly decrease the mean infusion rate of propofol (101.5±8. ) and reduce the dosage at the same depth of anesthesia. In cases where it is not possible to monitor the depth of anesthesia, this effect may be able to avoid the side effects caused by deep anesthesia.
Dexmedetomidine has also been reported to have additional advantages, including decreasing stress response during tracheal intubation (32) and extubation (33) and improving postoperative analgesia quality (32) . In the present study, dexmedetomidine reduced MAP and HR during intubation and extubation and reduced the postoperative VAS value, which is consistent with previous studies (32, 33) . Guven et al (34) reported that dexmedetomidine was able to reduce the incidence of PONV. This conclusion was not reached in the present study because Guven administered a higher initial dose of dexmedetomidine compared with the present study (1.0 vs. 0.5 µg kg -1 h -1
). However, the present study had some limitations. Firstly, the control group had a relatively high MAP and there was no patient group with low MAP. Therefore, further analysis is required to investigate whether dexmedetomidine can reduce FESS hemorrhage and improve the surgical approach in cases of low MAP. Secondly, the quality of the surgical approach was assessed by the same surgeon in the present study, which may be subjective because different surgeons may give different scores based on proficiency, mental state and other factors. Therefore, large sample, multi-center clinical trials are required to confirm the findings of the present study.
In conclusion, the present study indicated that propofol and remifentanil target-controlled infusion combined with dexmedetomidine for FESS reduced intraoperative bleeding and improved the quality of the surgical field in the case of relatively high MAP. In addition, dexmedetomidine also reduced the increase in MAP and HR during intubation and extubation, and improved the quality of postoperative analgesia.
